Strain DMKU-CE23 T representing a novel yeast species was isolated from tissue of a corn leaf (Zea may L.) collected in Thailand. A phylogenetic analysis based on the combined sequences of the internal transcribed spacer (ITS) region and the D1/D2 region of the LSU rRNA gene indicated that strain DMKU-CE23 T belongs to the Yamadazyma clade and is clearly distinct from other related species. It therefore represents a novel species of the genus Yamadazyma although the formation of ascospores was not observed. The strain of novel species was most closely related to the type strain of Yamadazyma epiphylla but with 5.1 % nucleotide substitutions in the ITS region and 3.7 % nucleotide substitutions in the D1/D2 region of the LSU rRNA gene. The name Yamadazyma endophytica f.a., sp. nov. is proposed. The type strain is DMKU-CE23 T (=CBS 14163 T =TBRC 5174 T ).
The genus Yamadazyma was described by Billon-Grand (1989) to accommodate species of the genus Pichia that fermented sugar, formed coenzyme Q-9 (CoQ-9) as their major ubiquinone, produced pseudohyphae and formed hat-shape ascospores (Kurtzman, 2011) . However, a phylogenetic analysis of the D1/D2 region of the LSU rRNA gene placed the species assigned to the genus Yamadazyma in several clades, indicating that the genus is polyphyletic. For this reason, the genus was not generally accepted as initially proposed (Kurtzman & Robnett, 1998) . Later, Kurtzman & Suzuki (2010) analysed phylogenetic relationships among species of the genus Pichia, Candida and Yamadazyma that form coenzyme Q-9, based on the combined sequences of the D1/D2 region of the LSU and the nearly complete SSU rRNA genes, and many species were transferred to the newly described genera Babjeviella, Meyerozyma, Millerozyma and Priceomyces. As a result, species of the genus Yamadazyma formed a well-supported clade in the family Debaryomycetaceae of the order Saccharomycetales. In the latest edition of The Yeasts, a Taxonomic Study, six ascosporogenous species (Yamadazyma philogaea, Y. akitaensis, Y. mexicana, Y. nakazawae, Y. scolyti, Y. triangularis) and 23 asexual species assigned to the genus Candida were placed in the Yamadazyma clade (Kurtzman, 2011) . Since then, additional species of the genus Candida in this clade have been found Nakase et al., 2008; Am-In et al., 2011; Buddie et al., 2011; Burgaud et al., 2011; Groenewald et al., 2011) and many novel species of the genus Yamadazyma have been discovered and described such as Yamadazyma terventina, Y. siamensis, Y. phyllophila, Y. paraphyllophila, Y. ubonensis, Y. insecticola, Y. epiphylla, Y. riverae, Y. dushanensis and Y. kitorensis (Ciafardini et al., 2013; Kaewwichian et al., 2013b; Junyapate et al., 2014; Jindamorakot et al., 2015; Lopes et al., 2015; Wang et al., 2015; Nagatsuka et al., 2016) . In addition, three known species of the genus Candida were transferred to the genus Yamadazyma as novel combinations, namely Yamadazyma olivae, Y. tumulicola and Y. takamatsuzukensis (Nagatsuka et al., 2016) . At present, the Yamadazyma clade consists of 19 species of the genus Yamadazyma and 37 species of the genus Candida.
Endophytic yeasts can colonize healthy plant leaf tissue without causing any damage to the host plant or developing external structures (Petrini, 1991; Azevedo et al., 2000; Oliveira et al., 2012) . Endophytic yeasts that have been found in plant leaves include both ascomycetous yeasts such as Candida guilliermondii, Candida oleophila, Candida railenensis, Cyberlindnera saturnus, Diutina siamensis, Metschnikowia pulcherrima, Wickerhamomyces anomalus and Wickerhamiella siamensis (Nassar et al., 2005; Isaeva et al., 2010; Rodríguez et al., 2011; Oliveira et al., 2012;  Abbreviation: ITS, internal transcribed spacer.
The GenBank/EMBL/DDBJ accession numbers for the sequence of the D1/D2 region of the LSU rRNA gene and of the ITS region is KT307981. The MycoBank number for Yamadazyma endophytica f.a., sp. nov. is MB 816167. Khunnamwong et al., 2014 Khunnamwong et al., , 2015a (Gai et al., 2009; Abdel-Motaal et al., 2009; Isaeva et al., 2010; Khan et al., 2012; Akhtyamova & Sattarova, 2013; Khunnamwong et al., 2015b; Solis et al., 2015) .
In an investigation of endophytic yeasts of rice, sugarcane and corn leaves in Thailand, we isolated 417 strains from 311 leaf samples. Among these strains, the endophytic yeast strain DMKU-CE23 T representing a novel species of the genus Yamadazyma, based on the genotypic and phenotypic characteristics, was obtained from corn leaf tissue. In this article, strain DMKU-CE23 T is described as the type strain of Yamadazyma endophytica f.a., sp. nov.
Yeast isolation
Endophytic yeasts were isolated from corn (Zea mays L.) leaf tissue by a method described previously (Abdel-Motaal et al., 2009) with slight modification by Khunnamwong et al. (2014) . Three grams of cut leaves (3Â3 cm) were surface-sterilized by immersing in 70 % ethanol for 3 min, then in 5 % sodium hypochlorite solution for 3 min and then rinsing five times for 5 min with sterile deionized water. The effectiveness of the surface-sterilization procedure was verified by spreading the final rinse water onto yeast extract-malt extract (YM) agar (0.3 % yeast extract, 0.3 % malt extract, 0.5 % peptone and 2.0 % agar), placing a few leaf fragments directly onto YM agar, and observing that there was no growth of microorganisms. After surface sterilization, leaves were cut into smaller fragments (0.5Â0.5 cm), slightly ground in a sterile mortar to expose the inner tissue and then five fragments were placed onto YM agar supplemented with 0.02 % chloramphenicol. A total of 15 leaf fragments per sample were used for yeast isolation. The petri dishes were incubated at 25 C until yeast colonies appeared. Yeast colonies of different morphologies were selected and purified by cross streaking on YM agar. Purified yeast strains were suspended in YM broth supplemented with 10 % (v/v) glycerol and maintained at À80 C. In total, 143 corn endophytic yeast strains were obtained from 109 leaf samples, and strain DMKU-CE23 T was found from a corn leaf sample collected from Chon Daen district, Phetchabun province (16 11¢ 22 † N 100 51¢ 34 † E), Thailand, on 2 March 2012.
DNA sequencing and phylogenetic analysis
The sequences of the gene encoding the D1/D2 region of the LSU rRNA and the internal transcribed spacer (ITS) (ITS1-5.8S-ITS2) region were determined from PCR products amplified from genomic DNA, using the primers NL1 and NL4 (Kurtzman & Robnett, 1998) and the primers ITS1 and ITS4 (White et al., 1990) , respectively. The methods for DNA extraction and amplification of the D1/D2 region of the LSU rRNA gene and the ITS region were as described previously (Limtong et al., 2007) . The PCR product was checked by agarose gel electrophoresis and purified using a HiYield Gel/PCR DNA Fragments Extraction kit (RBC Bioscience), according to the manufacturer's protocol. The purified products were submitted to Macrogen (Korea) for sequencing with the primers NL1 and NL4 for the D1/D2 region of the LSU rRNA gene and the primers ITS1 and ITS4 for the ITS region. The sequences were compared pairwise using the BLAST search program (Altschul et al., 1997) , and assembled, edited and aligned with program MEGA version 6.06 (Tamura et al., 2013) . Phylogenetic trees were reconstructed from a program provided within the MEGA6 software package. Phylogenetic placement of the novel species was based on the Kimura 2-parameter model, neighbour-joining method of combined ITS and D1/D2 sequences (Kimura, 1980; Saitou & Nei, 1987) . Bootstrap values were determined from 1000 replicates (Felsenstein, 1985) . Babjeviella inositovora NRRL Y-12698 T (NR_111018/ U45848) was used as an outgroup in this analysis.
Phenotypic characterization
The phenotypic characteristics of strain DMKU-CE23 T were determined by standard methods described by Kurtzman et al. (2011) . Carbon and nitrogen assimilation tests were determined by the replica-plating technique. Casein hydrolysis was determined using a modification (Phaff et al., 1994) of the medium proposed by Ahearn et al. (1968) . The casein hydrolysis test medium contained 2.4 % skimmed milk powder, 0.3 % beef extract, 0.5 % tryptone, 0.1 % glucose and 1.5 % agar. Growth at various temperatures was determined with replica-plate cultures on YM agar incubated at 4 to 12 C at every even-numbered temperature and at one degree intervals from 28 to 41 C. Formation of true hyphae or pseudohyphae of strain DMKU-CE23 T was investigated by cultivation for up to 7 days on potato dextrose agar (PDA; 20 % potato infusion, 2 % dextrose and 1.5 % agar) in slide culture at 25 C. Ascospore formation was investigated by growing the strain on PDA, corn meal agar (2 % corn meal infusion and 1.5 % agar), 5 % malt extract agar (5 % malt extract and 1.5 % agar), yeast extract peptone glucose (YPD) agar (1 % yeast extract, 2 % peptone, 2 % glucose and 1.5 % agar), Fowell's acetate agar (0.5 % sodium acetate and 2 % agar), Gorodkowa agar (0.1% glucose, 0.5 % sodium chloride, 1 % peptone and 2 % agar) and yeast carbon base agar supplemented with 0.01 % yeast extract (YCBY) at 15 C and 25 C for up to 4 weeks with periodic examination under a microscope. Ubiquinones were extracted from cells cultivated in 500 ml Erlenmeyer flasks containing 100 ml YPD broth on a rotary shaker at 28 C for 48 h and purified according to the methods described by Yamada & Kondo (1973) and Kuraishi et al. (1985) . Isopreologues were identified by HPLC as described previously (Limtong et al., 2007) . 
Species delineation and phylogenetic placement
Sequence comparisons of the ITS region and the D1/D2 region of the LSU rRNA gene indicated that strain DMKU-CE23 T represents a novel species and is closely related to Yamadazyma epiphylla CBS 13384 T (LC006082/LC006026) in the Yamadazyma clade. The sequences of the ITS region and the D1/D2 region of the LSU rRNA gene of this strain differ from those of its closest relative by 5.1 % (32 nucleotide substitutions and 36 gaps out of 632 nt) and 3.7 % nucleotide substitutions (19 nucleotide substitutions and one gap out of 518 nt), respectively. A phylogenetic analysis based on the combined sequences of these two genes placed strain DMKU-CE23 T in the Yamadazyma clade and well separated from closely related species (Fig. 1) . Delineation of the novel species was based primarily on the analysis of the combined sequences of the genes encoding the ITS region and D1/D2 region of the LSU rRNA gene. Ascospore formation of strain DMKU-CE23 T investigated by growing the strain on various media revealed that strain DMKU-CE23 T could not form ascospores, indicating that it is heterothallic. Although formation of ascospores was not observed, in conformity with the International Code of Nomenclature for Algae, Fungi and Plants, the species is assigned to the genus Yamadazyma. The designation forma asexualis (f.a.) was added to indicate the lack of a sexual cycle in the species assigned to the genus (Lachance, 2012) . The name Yamadazyma endophytica sp. nov. is proposed to accommodate this yeast strain.
In practice, Y. endophytica f.a., sp. nov. can be distinguished from its closest relative, Y. epiphylla, not only by the analysis of the sequences of the gene encoding the ITS region and the D1/ D2 region of the LSU rRNA gene but also by some phenotypic characteristics (Table 1) . In this study, we described a novel yeast species of the genus Yamadazyma based on a single strain on the basis of genetic and several phenotypic characteristics, which is well separated from any known species. Despite the lack of information regarding variation within the species or its ecological and geographic distribution, we feel that the description contributes to improving our knowledge of the phylogeny and diversity of yeast species.
The habitats of the species belonging to the Yamadazyma clade are very diverse including sputum (Cndida aaseri), tubercular lung (Candida conglobata), grassland soil (Y. philogaea), atmosphere (Candida atmosphaerica, Candida germanica), water (Candida atlantica, Candida andamanensis, Candida spencermartinsiae, Candida taylorii), stone chamber (Candida tumulicola, Candida takamatsuzukensis and Y. kitorensis) and olive oil (Y. terventina) (Statzell-Tallman et al., 2010; Am-In et al., 2011; Lachance et al., 2011; Ciafardini et al., 2013; Nagatsuka et al., 2016) . In addition, several species in this clade have been described from the strains associated with insects Kurtzman, 2011; Lachance et al., 2011; Jindamorakot et al., 2015) and plant materials (Nisiotou et al., 2010; Lachance et al., 2011; Kaewwichian et al., 2013b; Junyapate et al., 2014; Jindamorakot et al., 2015; Lopes et al., 2015; Wang et al., 2015) . In this study, strain DMKU-CE23 T was isolated from corn leaf tissue. Although species of the genus Candida in this clade should be renamed to Yamadazyma in conformity with the new code requirement, to rename them should be done based on the strong support of multilocus phylogeny. Therefore, we leave them as species of the genus Candida, and the assignment to novel species is tentative until stronger datasets are available to determine if the genus Yamadazyma is monophyletic.
In recent years, several novel species have been discovered from plant leaves as a endophytic yeast species, viz. D. siamensis, and epiphytic yeast species such as Hannaella siamensis, H. phetchabunensis, H. pagnoccae, Nakazawaea siamensis, Pseudozyma vetiver and Wickerhamomyces siamensis (Chamnanpa et al., 2013; Kaewwichian et al., 2013a, 20142015; Landell et al., 2014) . Some species were described based on the strains isolated from the phylloplane and inner tissue of plant leaves such as O. tropicalis, Papiliotrema siamense and Wickerhamomyces siamensis Khunnamwong et al., 2014 Khunnamwong et al., , 2015a Growth on YM agar. After 3 days at 25 C, cells are subglobose to ovoid (2.3-4Â2-6 µm) and occur singly or in pairs ( Fig. 2a ). Budding is multilateral. After 3 days of growth on YM agar at 25 C, the streak culture is white to cream, convex and has an entire margin. Rudimentary pseudohyphae are formed in slide culture on PDA after 7 days at 25 C (Fig. 2b) Growth at 8 to 37 C is present, but absent at 38 C. Acid formation is absent. Starch-like compounds are not produced. Diazonium blue B colour and urease reaction are negative. The major ubiquinone system is Q-9, which is the same as Yamadazyma philogaea CBS 6696 T , the type strain of the type species of the genus Yamadazyma (Kurtzman, 2011) .
The holotype is a living culture of strain DMKU-CE23 T , which was isolated from the tissue of corn (Zea mays L.) leaf collected from Chon Daen district, Phetchabun province, Thailand. This strain has been deposited at Thailand Bioresource Research Center (TBRC), Phathumthani, Thailand, as TBRC 5174 T and the Centraalbureau voor Schimmelcultures (CBS), Utrecht, the Netherlands, as CBS 14163 T . The MycoBank accession number is MB 816167. 
